Swarming Motility: It Better Be Wet  by Berg, Howard C.
Howard C. Berg
Swarming is a specialized form of
bacterial motility that develops
when cells that swim in broth are
grown in a rich medium on the
surface of moist agar. The cells
become multinucleate, elongate,
synthesize large numbers of
flagella, secrete surfactants and
advance across the surface in
coordinated packs [1,2]. Classic
work on this was done with
species of Proteus [3], cells of
which swarm even on hard agar,
alternating between spreading
and non-spreading modes, thus
forming terraced colonies [4].
About ten years ago, Harshey
and Matsuyama [5] found that
Escherichia coli and Salmonella
will swarm if grown on soft agar.
E. coli K12, which lacks the surface
O-antigen, swarms reluctantly in
such conditions, preferring Eiken
agar, which is more wettable than
Bacto agar (Figure 1). Somewhat
surprisingly, the chemotactic
signaling pathway is required for
the transformation to the swarming
mode, even for cells that are not
otherwise chemotactic [6] (for a
recent review of chemotactic
signaling, see [7]). The reasons for
this requirement remain obscure. 
Using gene-expression arrays
on developing swarms, Wang et
al. [8] found that only the ‘late’
flagellar genes are up-regulated in
swarming cells — these include
the gene that encodes flagellin,
fliC, the genes that encode motor
force-generating elements, motA
and motB, and the genes that
encode other components of the
chemotaxis signaling pathway.
The rest of the flagellar regulon is
not affected. (Genes of the type III
secretion pathway associated
with Salmonella’s pathogenicity
island SPI-1 also are up-
regulated, so there is a link
between the synthesis of flagella
and of virulence factors, but this
will not be discussed further here.)
Wang et al. [9] have now found
that late genes also are down-
regulated when chemotaxis
mutants are transferred from
broth to swarm plates, whether
these mutants are smooth
swimming, such as cheY or cheA,
or tumbly, such as cheZ or cheB.
The phenotype is intriguing: these
non-swarming cells have fewer
and shorter flagella than wild-type
cells, and their colonies are
relatively dry. This last
observation led Wang et al. [9] to
try to rescue the swarming
phenotype by spritzing water on
the dry colonies (using a mist that
delivered about 3 µl of water per
cm2 agar surface over a period of
about 90 seconds). This technique
succeeded admirably: cells in wet
colonies swarmed normally.
Now, it is known that late-gene
expression, promoted by the
predicted from the other remains
uncertain. Much depends on the
target species in which genetic
diversity is measured. 
The new study also raises
questions about model
construction. Like Hubbell [5],
Vellend [2] opts for a zero sum
approach, that is the assumption
that there is a set number of
individuals in a community and
that, once one dies, it is replaced
by another individual. It is the
identity of the replacement
individual — whether it is the
same species or not — that
determines the structure of the
community. This constraint may
be reasonable in plant
communities, where space is
often at a premium, but the notion
of saturation is much more
questionable in animal
communities [12]. 
As with Hubbell’s model,
Vellend’s study [2] provides a
necessarily simplified view of the
real world but both approaches
render an important service in
sharpening our thinking about the
processes that underlie patterns
of biodiversity. Darwin [3] used
the metaphor of an ‘entangled
bank’ to illustrate how the rich
diversity of life we see around us
has arisen from common laws.
The manner in which these laws
jointly influence different forms of
diversity is finally beginning to be
revealed.
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Swarming Motility: It Better Be
Wet
When grown on a soft agar surface in a rich medium, cells of
Salmonella typhimurium elongate, produce extra flagella and move
over the surface in a coordinated manner. In mutants with defects in
the chemotaxis signaling pathway, the agar plates remain dry and the
cells’ flagella are short. Recent work shows that the anti-sigma factor
controlling late-gene flagellar synthesis is secreted less by flagella
when things are dry: the flagellum senses wetness.
DOI: 10.1016/j.cub.2005.07.041
sigma factor σ28, is suppressed by
the anti-sigma factor FlgM. FlgM
is pumped out of the cell by the
flagellar transport apparatus once
assembly of the basal part of the
flagellum is complete [10]. This
prevents the cell from wasting
energy on flagellin synthesis when
this protein cannot be put to use.
When all goes well, filaments grow
at their distal tips, with the
flagellin subunits assembling
beneath a terminal cap [11]. Wang
et al. [9] found that when the
plates are dry, flagellin assembly
fails and FlgM is not excreted.
This was shown directly by
assaying for FlgM in the external
medium. So FlgM builds up in the
cytoplasm, and late-gene
expression is suppressed. This
build up was prevented by
construction of a cheY flgM
double mutant, which restored
late-gene expression. But the
flagella remained short, so the
filament assembly defect is
dominant. Evidently, when
flagellin backs up in the filament,
FlgM can no longer escape.
The real question, then, is why
chemotaxis signaling mutants
produce colonies that are dry. Is
this just a matter of flagellar
mechanics, or are the reasons
more profound? How do cells
make plates wet, anyhow? Wang
et al. [9] speculate that flagellar
filaments might stick to the swarm
agar, and that the ability of the
motor to change directions is
important for them to unstick.
Once unstuck, they stir, whipping
lipopolysaccharide off the surface
of neighboring cells.
Lipopolysaccharide is known to
have a surfactant/wetting function
[12]. Cute. Perhaps it is time to
learn what the flagella are actually
doing.
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Figure 1. A video image taken in phase
contrast of E. coli cells (wild-type strain
AW405) swarming on 0.45% Eiken agar
(in Eiken broth + 0.5% glucose) at room
temperature.
A slight change in contrast extending
into the cell-free region about 20 µm in
front of the swarm indicates that the
agar is conditioned in some manner.
Cells near the edge of the swarm are in a
monolayer in a quiescent band about
20 µm wide. Farther back, cells shuffle
back and forth in coherent packs.
Farther back still, cells are in multilayers,
arranged in sub-domains that swirl,
either clockwise or counterclockwise.
For video clips showing swarming
Salmonella (or Serratia marcescens,
which swarms more vigorously) go to
http://www.rowland.harvard.edu/labs/ba
cteria/index.html and click on Movies.
Erez Raz
Primordial germ cells (PGCs), the
progenitors of the gametes, sperm
or egg, are typically segregated
from all other cell lineages early in
embryonic development. In
mouse, and by extension other
mammals, the PDFs are specified
from a group of pluripotent cells in
response to signalling events
mediated by proteins of the bone
morphogenetic protein (BMP)
family [1,2]. These signals induce
germ cell competence around
embryonic day (E) 6.5, but it is only
at E7.2 that a segregated
population of PGCs is established.
Defining the events that occur
within this time frame and lead to
the specification of the small PGC
population (40–45 cells) is
important for understanding of the
molecular circuitry that control
germ cell development, and likely
also provide clues of general
relevance to other, similar cell
differentiation processes.
Detailed analysis of germ cell
specification in mouse has been
Germ Cells: Sex and Repression in
Mice
The mouse Blimp1 gene encodes a transcriptional repressor that is
essential for B-cell development. Recent studies have shown that the
Blimp1 protein also plays a critical role in the specification of mouse
primordial germ cells.
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